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(57) [Abstract] 

[Problem] To especially provide a method of fabricating a 
nitride semiconductor element that enables separation of 
nitride semiconductor elements formed on a substrate with 
5 high yields which is related to a method of fabricating a 

light-emitting diode or a laser diode capable of emitting 
ultraviolet to orange light in addition to a group III-V 
semiconductor element that can be driven even at high 
temperatures . 

10 [Means for solving the problem] A method of fabricating a 

nitride semiconductor element (110) that splits a 
semiconductor wafer (100) having a nitride semiconductor 
(102) formed on a substrate (101) into nitride 
semiconductor elements (110) , comprising, in particular, 

15 a step of radiating a laser beam, through the semiconductor 

wafer (100) from the side of a first main surface (111) 
and/or a second main surface (121) of the semiconductor 
wafer (100) that comprises the first and second main 
surfaces, to form a scribe line (103) at a focal point 

20 formed at least on the side of the second main surface (121) 

of the substrate (101) and/or the side of the first main 
surface (111) of the substrate (101) , and a step of 
separating the semiconductor wafer along the scribe line. 
[Claims ] 

25 [Claim 1] A method of fabricating a nitride semiconductor 

element (110) that splits a semiconductor wafer (100) 
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having a nitride semiconductor (102) formed on a substrate 
(101) into nitride semiconductor elements (110) , 
characterized by comprising a step of radiating a laser 
beam, through the semiconductor wafer (100) from the side 
of a first main surface (111) and/or a second main surface 
(121) of the semiconductor wafer (100) that comprises the 
first and second main surfaces, to form a scribe line (103) 
at a focal point formed at least on the side of the second 
main surface (121) of the substrate (101) and/or the side 
of the first main surface (111) of the substrate (101) , and 
a step of separating the semiconductor wafer along the 
scribe line. 

[Claim 2] The nitride semiconductor element fabrication 
method according to claim 1, wherein the first main surface 

(111) is a nitride-semiconductor-deposition-layer side of 
the semiconductor wafer (100) having the nitride 
semiconductor (102) formed on only one side of the 
substrate (101) , and the second main surface (121) is a 
substrate-exposure-surface side that lies opposite the 
first main surface (111) via the semiconductor wafer (100) . 

[Claim 3] The nitride semiconductor element fabrication 
method according to claim 1, wherein the scribe line is a 
recess (103) formed in the substrate exposure surface. 

[Claim 4] The nitride semiconductor element fabrication 
method according to claim 1, wherein the scribe line is an 
affected layer (206) formed within the substrate. 



[Claim 5] The nitride semiconductor element fabrication 
method according to claim 1, comprising a step of forming 
a groove section (104) substantially parallel with the 
scribe line by means of at least one device selected from 
5 a diamond scriber, a dicer, and a laser beam machine in the 

side of the first main surface (111) and/or the side of the 
second main surface (121) of the semiconductor wafer (100) 
irradiated with a laser beam. 

[Claim 6] A nitride semiconductor element fabrication 
10 method that splits a semiconductor wafer (100) having a 

nitride semiconductor (102) formed on only one side of a 
substrate (101) into nitride semiconductor elements (110), 
characterized by comprising a step of radiating a laser 
beam, from the side of a first main surface (111) formed 
15 with the nitride semiconductor (102) of the semiconductor 

wafer (100) that comprises the first and second main 
surfaces, to form a scribe line (103) in the side of the 
second main surface (121) , a step of forming, from the side 
of the first main surface (111) , a groove section (104) , 
20 that is substantially parallel with the scribe line (103) 

and reaches the surface of the substrate (101) , and a step 
of separating the semiconductor wafer (100) along the 
scribe line (103) . 

[Claim 7] The nitride semiconductor element fabrication 
25 method according to claim 6, wherein the groove section 

(204) is formed in the surface on the side of the first main 
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surface (211) , at which the substrate is exposed 
beforehand . 

[Claim 8] A nitride semiconductor element fabrication 
method that splits a semiconductor wafer (300) having a 
nitride semiconductor (302) formed on only one side of a 
substrate (301) into nitride semiconductor elements (310) , 
characterized by comprising a step of radiating a laser 
beam, from the side of a second main surface (321) that lies 
opposite a first main surf ace (311) formed with the nitride 
semiconductor (302) of the semiconductor wafer (300) that 
comprises the first and second main surfaces, to form a 
scribe line (308) in the side of the first main surface 

(311) of the substrate (301) , a step of forming, from the 
side of the second main surface (321) , a groove section 

(309) that does not reach the nitride semiconductor (302) 
substantially in parallel with the scribe line (308) , and 
a step of separating the semiconductor wafer (300) along 
the scribe line (308) . 

[Detailed Description of the Invention] 
[0001] 

[Technical Field to which the Invention belongs] 

The present invention relates to a method of 
fabricating a light-emitting diode or a laser diode capable 
of emitting ultraviolet to orange light in addition to a 
group III-V semiconductor element that can be driven even 
at high temperatures, and, more particularly, relates to 



a method of fabricating a nitride semiconductor element 
formed on a substrate. 
[0002] 
[Prior Art] 

Nowadays, semiconductor elements that utilize 
nitride semiconductors with a high-energy bandgap 

(InxGayAli-x-yN, O^X, O^Y, X+Y^l) are being developed. As 
examples of devices using nitride semiconductors, 
light-emitting diodes capable of emitting blue, green and 
ultraviolet light respectively, and semiconductor lasers 
capable of emitting blue-violet light, have been reported. 
Further, a variety of semiconductor elements that are of 
high mechanical strength and can be driven stably even at 
high temperatures, and so forth, may be cited. 

[0003] Normally, a semiconductor wafer laminated with 
semiconductor materials such as GaAs, GaP, and InGaAlAs is 
broken into chip shapes and used as semiconductor elements 
such as LED chips capable of emitting red, orange and yellow 
light, and so forth. Methods for breaking semiconductor 
wafer into chip shapes involve usage of a dicer, diamond 
scriber, and so forth, A dicer is a device that either fully 
cuts the wafer by means of the rotational movement of a disc 
with a diamond-edged blade, or scores a groove (half cut) 
wider than the width of the blade edge and then performs 
cutting by means of an external force. On the other hand, 
a diamond scriber is a device that draws extremely narrow 



6 



lines (scribe lines) in the form of cross cuts , for example, 
in the semiconductor wafer by means of a needle that is 
likewise diamond-tipped, or the like, and then performs 
cutting by means of an external force. Crystals with a zinc 
5 blende structure such as GaP, GaAs , and so forth, are 

cleaved in a ' 110 ' direction . Hence, this property can be 
used to separate a semiconductor wafer of GaAs , GaAlAs , GaP, 
or the like, into the desired shape relatively easily. 
[0004] However, unlike a semiconductor element of GaAsP, 

10 GaP, InGaAlAs, or the like, which is formed on a 

semiconductor substrate of GaP, GaAlAs or GaAs, in the case 
of a semiconductor element employing a nitride 
semiconductor, it is difficult to form a single crystal. 
In order to obtain a single crystal film of a nitride 

15 semiconductor of good crystallinity , formation on a 

sapphire or spinel substrate takes place via a buffer layer 
by using MOCVD, HDVPE, or the like. A semiconductor element 
such as an LED chip must be formed by cutting and separating 
a nitride semiconductor layer formed on a sapphire 

20 substrate or similar to the desired size. 

[0005] A nitride semiconductor that is deposited on 
sapphire, spinel, or the like, has a heteroepitaxial 
structure. The nitride semiconductor has a very irregular 
lattice constant in comparison with a sapphire substrate 

25 or similar. Further, the sapphire substrate has a 

single-crystal structure such as a hexagonal crystal 
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structure and because of this property, possesses no 
cleavage property. In addition, both the sapphire and 
nitride semiconductor are extremely hard substances with 
a Mohs hardness of about 9. 

[0006] Therefore, cutting by means of a diamond scriber is 
difficult. Further, when a full cut is made by means of 
a dicer, cracks and chipping readily occur in the cut 
surfaces and hence a clean cut is not possible. In addition, 
depending on the case, partial detachment of the nitride 
semiconductor layer from the substrate sometimes occurs . 

[0007] If the semiconductor wafer can be separated 
accurately into chip shapes without damaging the 
crystallinity of the nitride semiconductor, the electrical 
characteristics and efficiency of the semiconductor 
element can also be improved. Moreover, the productivity 
can be improved because a multiplicity of semiconductor 
chips can be obtained from a single semiconductor wafer. 

[0008] For this reason, the nitride semiconductor wafer 
undergoes division to form each desired chip by combining 
a diamond scriber and dicer, or similar. A method of 
performing this division into chips is described in 
Japanese Patent Application Laid Open No. H8-274371 and so 
forth. As a specific example, a method of fabricating a 
nitride semiconductor element is shown in Figs. 5(A) to 
5(D). A semiconductor wafer (500) having a nitride 
semiconductor (502) formed on a sapphire substrate (501) 
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is shown in Fig. 5(A) . A step of forming a groove section 
(509) by means of a dicer (not shown) from the lower side 
of the sapphire substrate to a depth that does not reach 
the nitride semiconductor layer is shown in Fig. 5(B) . A 
step of forming scribe lines (507) in groove sections (509) 
is shown in Fig. 5(C). A step of separating the 
semiconductor wafer (500) into chip-shaped semiconductor 
elements (510) after the scribing step is shown in Fig. 5 (D) . 
It is thus possible to achieve relatively clean cuts 
without cracks and chipping occurring in the cut surfaces . 
[0009] 

[Problems which the Invention is intended to solve] 

However, when scribe lines and so forth are formed in 
only one surface of the semiconductor wafer, there is a 
tendency for craclcs and chipping to occur readily in the 
other cut surface during division. Although the shape of 
one surface of the separated nitride semiconductor 
elements can be made uniform, variations arise in the shape 
of the other surface of the nitride semiconductor elements, 
and therefore craclcs and chipping readily occur in the 
semiconductor wafer. Therefore, when the semiconductor 
wafer is separated, there is the problem that it is 
extremely difficult to perform cutting while rendering the 
shape of the nitride semiconductor elements completely 
uniform by controlling the splitting from the side of the 
semiconductor wafer where scribe lines are formed to the 
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side where no scribe lines are formed. 

[0010] On the other hand, the splitting of the nitride 
semiconductor water can be controlled by forming scribe 
lines in both sides of the semiconductor wafer. However, 
in the formation of scribe lines in the two main surfaces 
of the nitride semiconductor wafer, a step in which the 
semiconductor wafer is turned over and re-secured while 
preventing the adhesion of dirt to the semiconductor wafer, 
and so forth, is required and hence mass-producibility is 
very poor. Moreover, because a semiconductor wafer having 
a nitride semiconductor formed on a sapphire substrate is 
very hard, there are frequent cases of wear and 
deterioration of the blade edge of the cutter of the diamond 
scriber, which generates fabrication costs arising from 
variations in the processing accuracy, and from exchanging 
the blade edge. In addition, when scribe lines are formed 
by means of a diamond scriber, the weighting of the diamond 
scriber must be changed in accordance with the wear of the 
blade edge. Further, in order to form scribe lines by means 
of a diamond scriber, the diamond blade edge must make 
contact at the appropriate angle in each case, which means 
there is the problem that mass-producibility is very poor. 

[0011] Nowadays, at a time when the accurate formation of 
smaller nitride semiconductor elements with favorable 
mass-producibility is desirable, the abovementioned 
cutting methods are unsatisfactory and there is a demand 



for superior methods for fabricating nitride semiconductor 
elements . 

[0012] More particularly, if the semiconductor wafer can 
be separated correctly into chip shapes without damaging 
the crystallinity of the nitride semiconductor, the 
electrical characteristics, efficiency, and so forth, of 
the semiconductor element can be improved. Moreover, 
productivity is also improved because a multiplicity of 
nitride semiconductor elements can be obtained from a 
single wafer. 

[0013] Therefore, the present invention further reduces 
the generation of cracks and chipping in the cut surfaces 
when a nitride semiconductor wafer is separated into chip 
shapes. Further, it is an object of the present invention 
to provide a fabrication method that forms, with favorable 
mass-producibility , nitride semiconductor elements that 
are separated into the desired size and shape with a high 
yield without damaging the crystallinity of the nitride 
semiconductor . 

[0014] 

[Means for Resolving the Problem] 

The present invention is a method of fabricating a 
nitride semiconductor element (110) that splits a 
semiconductor wafer (100) having a nitride semiconductor 

(102) formed on a substrate (101) into nitride 
semiconductor elements (110) . More particularly, the 



nitride semiconductor fabrication method comprises a step 
of radiating a laser beam, through the semiconductor wafer 
(100) from the side of a first main surface (111) and/or 
a second main surface (121) of the semiconductor wafer 
(100) that comprises the first and second main surfaces, 
to form a scribe line (103) at a focal point formed at least 
on the side of the second main surface (121) of the 
substrate (101) and/or the side of the first main surface 
(111) of the substrate (101) , and a step of separating the 
semiconductor wafer along the scribe line. 
[0015] In the nitride semiconductor element fabrication 
method according to claim 2 of the present invention, the 
first main surface (111) is the 

nitride-semiconductor-deposition-layer side of the 
semiconductor wafer (100) having the nitride semiconductor 
(102) formed on only one side on the substrate (101) , and 
the second main surface (121) is a 

substrate-exposure-surface side that lies opposite the 
first main surf ace (111) via the semiconductor wafer (100). 
[0016] In the nitride semiconductor element fabrication 
method according to claim 3 of the present invention, the 
scribe line is a recess (103) formed in the substrate 
exposure surface. 

[0017] In the nitride semiconductor element fabrication 
method according to claim 4 of the present invention, 
scribe lines are an affected layer (206) formed within the 



substrate . 

[0018] The nitride semiconductor element fabrication 
method according to claim 5 of the present invention 
comprises a step of forming a groove section (104) 
substantially parallel with the scribe line by means of at 
least one device selected from a diamond scriber, a dicer, 
and a laser beam machine in the side of the first main 
surface (111) and/or the side of the second main surface 

(121) of the semiconductor wafer (100) irradiated with a 
laser beam. 

[0019] The nitride semiconductor element fabrication 
method according to claim 6 of the present invention is a 
nitride semiconductor element fabrication method that 
splits a semiconductor wafer (100) having a nitride 
semiconductor (102) formed on only one side of a substrate 

(101) into nitride semiconductor elements (110) , 
comprising a step of radiating a laser beam, from the side 
of a first main surface (111) formed with the nitride 
semiconductor (102) of the semiconductor wafer (100) that 
comprises the first and second main surfaces, to form a 
scribe line (103) in the side of the second main surface 

(121) , a step of forming, from the side of the first main 
surface (111) , a groove section (104) , that is 
substantially parallel with the scribe line (103) and 
reaches the surface of the substrate (101) , and a step of 
separating the semiconductor wafer (100) along the scribe 



line (103) . 

[0020] In the nitride semiconductor element fabrication 
method according to claim 7 of the present invention, the 
groove section (204) is formed in the surface on the side 
of the first main surface (211) , at which the substrate is 
exposed beforehand. 

[0021] The nitride semiconductor element fabrication 
method according to claim 8 of the present invention is a 
nitride semiconductor element fabrication method that 
splits a semiconductor wafer (300) having a nitride 
semiconductor (302) formed on only one side of a substrate 

(301) into nitride semiconductor elements (310) , 
comprising a step of radiating a laser beam, from the side 
of a second main surface (321) that lies opposite a first 
main surface (311) formed with the nitride semiconductor 

(302) of the semiconductor wafer (300) that comprises the 
first and second main surfaces, to form a scribe line (308) 
in the side of the first main surface (311) of the substrate 

(301) , a step of forming, from the side of the second main 
surface (321) , a groove section (309) that does not reach 
the nitride semiconductor (302) substantially in parallel 
with the scribe line (308) , and a step of separating the 
semiconductor wafer (300) along the scribe line (308) . 

[Embodiments of the Invention] 

As a result of a variety of experiments, the present 
inventors arrived at the present invention by discovering 



that, when a nitride semiconductor element is fabricated, 
it is possible to fabricate a nitride semiconductor element 
with superior mass-producibility without damaging the 
semiconductor characteristics by radiating a laser beam 
from a specified direction onto a specified location on the 
semiconductor wafer. 

[0022] That is, according to the method of the present 
invention, scribe lines, which form a guide for the 
division into nitride semiconductor elements, can be 
formed at optional points other than on the laser radiation 
side by transmitting [a laser beam] through the nitride 
semiconductor wafer without damaging the nitride 
semiconductor layer. More particularly, both sides of the 
semiconductor wafer can be processed relatively simply 
without subjecting the nitride semiconductor element to 
adverse effects from the same side. The fabrication method 
of the present invention will be described in detail 
hereinbelow . 

[0023] For the semiconductor wafer, a nitride 
semiconductor layer with an LD (laser diode) constitution 
is formed on a spinel substrate. More specifically, 
laminated on the spinel substrate are a GaN buffer layer, 
an n-type GaN contact layer, an n-type AlGaN cladding layer, 
an n-type GaN light guide layer, an InGaN active layer, 
which is a multiquantum well structure doped with Si and 
in which the In composition is changed, a p-type AlGaN 



capping layer, a p-type GaN light guide layer, a p-type 
AlGaN cladding layer and p-type GaN contact layer. A CO2 
laser beam is radiated from the spinel substrate of the 
semiconductor wafer to form an affected layer as scribe 
5 lines at the interface between the nitride semiconductor 

layer and the spinel substrate. Grooves are then formed 
in the spinel substrate by means of a dicer, substantially 
in parallel with the scribe lines. Nitride semiconductor 
elements are formed by applying pressure along the grooves 

10 by means of a roller. All the edges of the nitride 

semiconductor elements thus separated are formed cleanly. 
The apparatus and so forth used in the process of the 
present invention will be described in detail hereinbelow. 
[0024] (Nitride semiconductor wafers 100, 200, 300, 400) 

15 The nitride semiconductor wafers 100, 200, 300, 400 have 

a nitride semiconductor 102 formed on a substrate 101. For 
the substrate 101 of the nitride semiconductor 102, a 
variety of single crystals of sapphire, spinel, silicon 
carbide, zinc oxide, gallium nitride, and so forth, may be 

20 cited. However, in order to form a nitride semiconductor 

layer of favorable crystallinity with good 
mass-producibility , a sapphire substrate or spinel 
substrate, or the like, is suitably used. The present 
invention works especially effectively because the 

25 sapphire substrate or similar has no cleavage property and 

is extremely hard. The nitride semiconductor may be formed 
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on one side of the substrate or on both sides thereof. 
[0025] The nitride semiconductor (InxGayAli-x-YN, O^X, O^Y, 
X+Y^l) can be formed in a variety of ways by means of MOCVD, 
HVPE, and so forth. The nitride semiconductor can be used 
5 as a semiconductor element by forming a PN junction, PIN 

junction, or MIS junction in the nitride semiconductor. A 
variety of junctions such as a homo junction, hetero 
junction, and double hetero junction can also be selected 
for the structure of the semiconductor. Furthermore, the 

10 semiconductor layer can also be a single quantum well 

structure or a multiquantum well structure rendered as a 
thin film permitting the generation of the quantum effect. 
[0026] The nitride semiconductor has a relatively large 
bandgap and is thermally resistant. Therefore, the nitride 

15 semiconductor can be utilized as a variety of semiconductor 

elements such as light-emitting elements including a 
light-emitting diode that is capable of emitting light from 
ultraviolet to red, and a short-wavelength laser that can 
be used for a DVD or the lilce, as light-receiving elements 

20 such as a light sensor, or a solar cell with a relatively 

high electromotive force, or as heat-resistant 
transistors . 

[0027] Although a variety of substrate thicknesses can be 
selected depending on the processing accuracy and output 
25 of the laser beam machine, when a large groove (deep groove) 

is formed by the laser beam, the groove sections and so 
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forth formed by the laser processing are preferably not 
formed too large from the point of view of the time taken 
in comparison with [processing by means of] a diamond 
scriber or dicer and the partial destruction caused by 
heating over a long period and so forth. Therefore, with 
mass-producibility in mind, in addition to forming the 
groove sections 104 in the semiconductor wafer by means of 
a laser, a variety of processes performed by a dicer, 
diamond scriber, and so forth, can be selected. 
Alternatively, formation can be implemented by means of a 
combination of such processes . 

[0028] When a sapphire substrate laminated with a nitride 
semiconductor is separated, the thickness of the thinnest 
division section of the nitride semiconductor wafer is 
preferably 100 „m or less in order to achieve cutting of 
the cut edges with favorable mass-producibility. When the 
thickness is 100 „m or less, chipping, cracks, and so forth 
are small and division can be performed relatively easily. 
Although there is no particular lower-limit value for the 
substrate thickness, when the substrate is quite thin, the 
semiconductor wafer itself splits readily and 
mass-producibility is poor. The thickness is therefore 
preferably 30 „m or more. Further, in cases where the 
nitride semiconductor layer contains a thin film with a 
single quantum well structure, multiquantum well structure, 
or similar, the nitride semiconductor layer, which is 
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irradiated with a laser beam beforehand with the object of 
preventing damage to the semiconductor junction and 
semiconductor layer caused by laser radiation, can also be 
removed in advance by etching or the like. Various dry 
5 etching or wet etching processes can be used for the 

etching. 

[0029] In the case of a nitride semiconductor wafer for a 
light-emitting diode, the substrate normally has a 
thickness from 300 „m to 500 „m, and a nitride semiconductor 

10 layer with a pn junction has a thickness of several „m to 

several tens of „m. Hence, most of the semiconductor wafer 
is taken up by the thickness of the substrate. The 
thickness of the substrate can be made thinner by polishing 
in order to simplify the laser processing. This polishing 

15 may be used to thin the semiconductor wafer after the 

nitride semiconductor has been formed or the nitride 
semiconductor can be formed on a substrate that has been 
polished thin. 

[0030] Further, it is thought that the nitride 
20 semiconductor wafer irradiated with the laser beam becomes 

the recesses 103, 403 or the affected layer 206, 308, which 
is an assembly of microscopic microcracks, along which the 
focal-point radiation portion selectively flies . Further, 
with the total film thickness of the semiconductor wafer 
25 to be processed and separated serving as a reference, 

'first main surface side' and 'second main surface side' 
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refer to optional positions oriented toward the first main 
surface or second main surface from half the total film 
thickness. Therefore,, this may be on the surface of the 
semiconductor wafer or within the semiconductor wafer. In 
addition, the present invention may laser-process the 
center of the total film thickness of the semiconductor 
wafer in addition to laser-processing the first main 
surface side and/or second main surface side. 
[0031] (Laser beam machine) The laser beam machine employed 
by the present invention may be one that is capable of 
forming grooves permitting division of the nitride 
semiconductor wafer, an affected layer, and so forth. More 
specifically, a CO2 laser, YAG laser, excimer laser, and 
so forth, is suitably used. 

[0032] The laser beam radiated by the laser beam machine 
is one that permits a variety of adjustments to the focal 
point as desired by means of a lens optical system or 
similar. Therefore, grooves, affected layers , and so forth, 
can be formed, without damaging the nitride semiconductor, 
at an optional focal point on the semiconductor wafer by 
means of laser radiation from the same direction. Further, 
the laser radiation surface can also be adjusted to the 
desired shape such as a perfect circle shape, an elliptical 
shape, or a rectangular shape by allowing [the laser beam] 
passage through a filter, and so forth. 

[0033] For the formation of scribe lines by means of a laser 
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beam machine, the laser radiation device itself may be 
moved. Alternatively, the scribe lines can be formed by 
scanning the radiated laser beam alone by means of a mirror 
or the like. In addition, desired scribe lines can also 
5 be formed by driving a stage that holds the semiconductor 

wafer in a variety of ways such as up and down, from side 
to side or through 90 degrees. It is understood that, 
although this is described in detail in the embodiments of 
the present invention hereinbelow, the present invention 
10 is not limited to or by these embodiments alone. 

[0034] 

[Embodiment] (Firs t Embodiment) A nitride semiconductor 
wafer is formed by laminating a nitride semiconductor by 
using MOCVD onto a substrate of washed sapphire with a 

15 thic]cness of 200 „m. The nitride semiconductor is 

deposited as a multilayered film capable of serving as a 
light-emitting element following the splitting of the 
substrate. First, a buffer layer with a thickness of about 
200 angstroms is formed by allowing NH3 (ammonia) gas and 

20 TMG (trimethyl gallium) gas, which are the source gases, 

and hydrogen gas , which is the carrier gas , to flow at 
510*^0. 

[0035] Next, after halting the introduction of TMG gas, the 
temperature of the reactor is set at 1050 and a GaN layer 
25 with a working thickness of approximately 4 ,,m is formed 

as an n-type contact layer by allowing NH3 (ammonia) gas. 
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TMG gas, SiH4 (silane) gas, which is the dopant gas, and 
hydrogen gas, which is the carrier gas to flow once again. 

[0036] For the active layer, once, with the carrier gas 
alone, the temperature of the reactor has been held at 800 **C, 
an undoped InGaN layer approximately 3 nm thick is 
deposited by allowing NH3 (ammonia) gas, TMG gas, and TMI 

(trimethyl indium), which are the source gases, and 
hydrogen gas, which is the carrier gas, to flow. 

[0037] In order to form the cladding layer on the active 
layer, the introduction of source gases is halted and the 
temperature of the reactor is held at 1050 °C, whereupon a 
GaAlN layer that is approximately 0.1 „m thick is formed 
as a p-type cladding layer by allowing NH3 (ammonia) gas, 
TMA (trimethyl aluminum) gas, and TMG gas, which are the 
source gases, Cp2Mg (cyclopentadienylmagnesium) gas, 
which is the dopant gas, and hydrogen gas, which is the 
carrier gas, to flow. 

[0038] Finally, the temperature of the reactor is held at 
1050 **C, and a GaN layer that is approximately 0.5 „m thick 
is formed as a p-type contact layer by allowing NH3 

(ammonia) gas, TMG gas, which are the source gases, Cp2Mg 
gas, which is the dopant gas, and hydrogen gas, which is 
the carrier gas, to flow (Fig. 1 (A) ) . (The p-type nitride 
semiconductor layer is annealed at 400 **C or more) . 

The semiconductor wafer 100 thus formed is secured 
atop a table that is freely drivable in vertical and lateral 
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planar directions such that the formed nitride 
semiconductor 102 lies at the top. A laser beam (of 
wavelength 356 nm) is radiated from the side of the nitride 
semiconductor 102 formed on the sapphire substrate 101, the 
laser optical system being adjusted so that the focal point 
is substantially on the bottom surface of the sapphire 
substrate 101. By moving the stage while radiating the 
adjusted laser beam at 16 J/cxv? , scribe lines 103 that are 
approximately 4 „m deep are formed vertically and 
horizontally in the bottom surface of the sapphire 
substrate 101. When viewed from the main surface of the 
nitride semiconductor wafer 100, the scribe lines 103 thus 
formed are formed to establish a size of approximately 350 
pm squared for the nitride semiconductor elements 110 to 
be formed subsequently (Fig. 1 (B) ) . 

[0039] Next, groove sections 104, which extend from the 
upper surface of the nitride semiconductor 102 to the 
sapphire substrate 101, are formed in the semiconductor 
wafer 100 means of a dicer with the nitride semiconductor 
wafer still secured after substituting only the laser 
radiation portion of the laser beam machine for a dicing 
saw. The groove sections 104 formed by the dicer are formed 
in parallel with the scribe lines 103 formed by means of 
laser radiation, via the semiconductor wafer 100, such that 
the gap between the bottom surface of the groove section 
104 and the bottom surface of the side of the sapphire 



substrate 101 is then substantially uniform at 100 (Fig. 
1 (C) ) . 

[0040] A nitride semiconductor wafer can be cut and 
separated by allowing a load provided by a roller (not 
5 shown) to act along the scribe lines 103. A nitride 

semiconductor element 110 in which no chipping or cracks 
are present on any of the cut edges can thus be formed (Fig. 
1 (D) ) . 

[0041] In the first embodiment, the scribe lines 103 are 
10 formed by means of a laser beam that is focused on the bottom 

surface of the sapphire substrate 101, which is the 
rear-surface side of the semiconductor wafer 100, and 
transmitted via the nitride semiconductor 102 and the 
sapphire substrate 101 rather than being focused on the 
15 surface side of the semiconductor wafer 100 where the 

nitride semiconductor 102 irradiated with the laser beam 
is formed. 

[0042] By forming the groove sections 104, which extend 
from the main surface side (laser radiation side) of the 

2 0 semiconductor wafer 100 formed with the nitride 

semiconductor 102 to the sapphire substrate 101 or similar, 
the nitride semiconductor element 110 can be separated 
along the scribe lines 104 easily and accurately. 
[0043] Further, because the scribe lines 103 are formed by 

25 means of a laser beam, costs arising from variations in the 

processing accuracy owing to wear and deterioration of a 
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cutter and from exchanging the blade edge, as in the case 
of a diamond scriber, can be reduced. Further, results 
similar to those achieved by processing from both sides of 
the semiconductor wafer are obtained by processing from 
5 only one side of the semiconductor wafer and a nitride 

semiconductor element 110 whose upper and rear surfaces 
both have a uniform shape can be fabricated, the 
fabrication yield is raised and shape variations can be 
reduced, and, especially, to the same extent, substitution 

10 can be reduced and the number of semiconductor elements 

yielded can be raised. In addition, because scribe lines 
110 are formed in the surface of the sapphire substrate 101 , 
scribe lines can be formed without processing waste 
produced by a laser beam adhering to the top of the nitride 

15 semiconductor 102. 

[0044] (Second Embodiment) A semiconductor wafer, on which 
a plurality of island-shaped nitride semiconductor layers 
205 is formed by etching a semiconductor wafer formed as 
per the first embodiment until the surface of the boundary 

20 with the sapphire substrate formed with groove sections is 

exposed from the side of the nitride semiconductor surface 
by means of RIE (Reactive Ion Etching) , is used. Further, 
a mask for exposure of pn semiconductors during etching is 
formed and removed after the etching process. Further, 

25 electrodes 220 are formed on the pn semiconductor layers 

by sputtering (Fig. 2 (A) ) . 
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[0045] The semiconductor wafer 200 is fixedly placed on a 
laser beam machine as per the first embodiment. So too in 
the second embodiment, the laser beam from the laser beam 
machine is radiated from the side of the nitride 
5 semiconductor 205 of the nitride semiconductor wafer and 

the laser optical system is adjusted so that the focal point 
is within a sapphire substrate 201 which is 20 „m from the 
bottom surface of the sapphire substrate. Scribe lines for 
the affected layer 206 are formed (Fig. 2(B)) within the 
10 substrate close to the bottom surface of the sapphire 

substrate by moving the stage while radiating the adjusted 
laser beam at 16 J/cm^. 

[0046] Next, the laser optical system (not shown) is 
readjusted so that the focal point is then on the upper 

15 surface (formation surface side of the nitride 

semiconductor) of the sapphire substrate 201 exposed by 
means of etching. By moving the stage while radiating the 
adjusted laser beam, grooves that reach the sapphire 
substrate are formed in the semiconductor wafer from the 

20 upper surface of the nitride-semiconductor-layer side 

thereof. The grooves 204 thus formed are formed 
substantially in parallel with the affected layer 206 via 
the sapphire substrate 201. Further, the grooves 204 in 
the sapphire substrate 201 formed by means of laser 

25 radiation are adjusted so that the gap between the bottom 

surface of the groove and the bottom surface of the sapphire 
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substrate is substantially uniform at approximately 100 ,,m. 
In addition, the laser optical system is re-adjusted so 
that the focal point is then on the bottom surface of the 
groove provided in the sapphire substrate 201. Scribe 
5 lines 207 with a depth of approximately 3 ,,m are formed (Fig. 

2 (C) ) in the bottom surface of the grooves 204 provided in 
the exposure surface of the sapphire substrate formed with 
the nitride semiconductor by moving the stage while 
radiating the adjusted laser beam at 14 J/cm^. 

10 [0047] Next, by allowing a load provided by a roller to act 

along the grooves (scribe lines) , the semiconductor wafer 
is cut and LED chips 210 are separated (Fig. 2 (D) ) . 
[0048] When the LED chips thus formed are supplied with 
electrical power, all the LED chips are capable of emitting 

15 light and barely any chipping was produced in the cut edges 

of the LED chips. The yield was 98% or more. 
[0049] In the second embodiment, by forming scribe lines 
in both the surface and rear surface of the substrate by 
means of a laser beam from the side of one surface of the 

20 semiconductor wafer, the nitride semiconductor element can 

be easily separated along scribe lines even in the case of 
a thick nitride semiconductor wafer. Further, because the 
sections formed with grooves are etched as far as the 
sapphire substrate, the damage to the nitride 

25 semiconductor resulting from the groove formation is 

further reduced, meaning that the reliability of the 
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nitride semiconductor element following division can be 
improved. More particularly, when scribe lines are formed, 
the semiconductor wafer is secured after the focal point 
of the laser is within the sapphire substrate. Processing 
can thus be implemented without damaging the table or 
adhesive sheet. Further, the generation of processing 
waste resulting from laser radiation does not take place. 
Thus, nitride semiconductor elements can be formed with 
favorable mass-producibility as per the present invention 
even when all the grooves are formed by means of a dicer 
rather than by laser processing. 

[0050] Grooves and scribe lines can be processed by means 
of a laser beam without making contact with the nitride 
semiconductor wafer. For this reason, costs arising from 
variations in processing accuracy due to wear and 
deterioration of the blade and cutter and from exchanging 
the blade edge can be reduced. Further, results similar 
to those achieved by processing from both sides of the 
semiconductor wafer are obtained by processing from only 
one side of the semiconductor wafer and a semiconductor 
chip with a uniform shape can be fabricated. The 
fabrication yield can be raised and shape variations can 
be reduced, and, to the same extent, substitution can be 
reduced and the number of semiconductor elements yielded 
from the nitride semiconductor wafer can be raised. . 
[0051] In addition, narrower grooves can be formed by also 
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forming grooves from the surface of the semiconductor layer 
by means of a laser beam. Hence, the number of chips yielded 
from the nitride semiconductor wafer can be raised still 
further . 

5 [0052] (Third Embodiment) A semiconductor wafer 300 formed 

similarly to the first embodiment is provided with a mirror 
finish by polishing a sapphire substrate 301 beforehand to 
80 ,,m. This semiconductor wafer is fixedly placed on the 
stage of the laser beam machine (Fig. 3 (A) ) as per the first 
10 embodiment, with the surface of the sapphire substrate 301, 

on which a nitride semiconductor 302 is not laminated, at 
the top. 

[0053] In the third embodiment, a laser beam from a laser 
beam machine (not shown) is radiated from the side of the 

15 sapphire substrate 301 (substrate-exposure-surface side) 

not formed with the nitride semiconductor 302 of the 
nitride semiconductor wafer 300, the laser optical system 
being adjusted so that the focal point is at the interface 
between the nitride semiconductor 302 and sapphire 

20 substrate 301. Scribe lines for the affected layer 308 are 

formed as first scribe lines vertically and horizontally 
(Fig. 3(B)) close to the interface between the nitride 
semiconductor 302 and the sapphire substrate 301 that 
contacts the nitride semiconductor by radiating a laser 

25 beam while driving the stage. 

[0054] Next, groove sections 309, which extend from the 
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bottom face side of the sapphire substrate not laminated 
with a nitride semiconductor but not reaching the surface 
of the nitride semiconductor, are formed with a blade 
rotational speed of 30,000 rpm and of a cutting speed of 
5 3 mm/sec by means of a dicer with the nitride semiconductor 

wafer still secured by substituting the laser radiation 
portion of the laser beam machine alone with a dicing saw 
(not shown) . The grooves formed by means of the dicer are 
provided vertically and horizontally substantially in 

10 parallel with the affected layer 308 and are formed such 

that the gap between the bottom surface of the groove 
sections 309 and the bottom surface of the sapphire 
substrate is substantially uniform at 50 „m. Further, the 
dicing saw is substituted with the laser beam machine and 

15 the focal point of the laser beam is aligned with the bottom 

surface of the groove sections 309 formed by means of the 
dicer. Second scribe lines 307 with a depth of 
approximately 3 „m are thus formed (Fig. 3 (C) ) in the bottom 
surface of the groove sections 309 formed in the sapphire 

20 substrate 301 by means of laser radiation. 

[0055] The nitride semiconductor wafer is cut and separated 
by allowing a load provided by a roller (not shown) to act 
along the second scribe lines 307, whereby nitride 
semiconductor elements 310 are formed (Fig. 3(D)). There 

25 was barely any chipping of the cut edges of the nitride 

semiconductor elements thus formed. 
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[0056] The method described in the third embodiment permits 
separation of nitride semiconductor elements 310 easily 
and accurately along the scribe lines formed by means of 
the laser beam by separately forming groove sections 309 
5 that extend from the side of the rear surface of the 

sapphire substrate 301 or similar but do not reach the 
nitride semiconductor 302. Therefore, a nitride 

semiconductor element, whose upper and rear surfaces both 
have a uniform shape, can be provided and the product yield 

10 can be improved. Further, the formation of the first and 

second scribe lines by means of laser processing can also 
be performed after processing with a dicer. Processing 
with a dicer can also be executed after the formation of 
the first and second scribe lines. 

15 [0057] Because the formation of the scribe lines is 

performed by means of a laser beam, costs arising from 
variations in the processing accuracy owing to wear and 
deterioration of the cutter of the diamond scriber and from 
exchanging the blade edge can be reduced. Further, results 

20 similar to those achieved by processing from both sides of 

the semiconductor wafer are obtained by processing from 
only side of the semiconductor wafer without turning over 
the nitride semiconductor wafer. Semiconductor chips of 
uniform shape can be fabricated, and the fabrication yield 

25 can be raised and shape variations reduced, and therefore 

substitution can be reduced and the number of semiconductor 
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chips yielded from the nitride semiconductor wafer can be 
raised. In addition, processing waste produced by laser 
processing does not adhere to the surface of the nitride 
semiconductor . 

[0058] (Fourth Embodiment) A semiconductor wafer 400, on 
which a plurality of island-shaped nitride semiconductors 
405 are formed by etching a semiconductor wafer formed as 
per the first embodiment until the surface of the boundary 
of the sapphire substrate 401 formed with grooves is 
exposed from the side of the nitride semiconductor surface 
by means of RIE (Reactive Ion Etching) , is used. Further, 
a mask for exposure of pn semiconductors during etching is 
formed and removed after the etching process. Further, 
electrodes 420 are formed on the pn semiconductor layers 
by sputtering. The sapphire substrate 401 of the 
semiconductor wafer 400 is provided with a mirror finish 
by polishing the sapphire substrate 401 to 100 „m (Fig 
4 (A) ) . . 

[0059] The semiconductor wafer 400 is fixedly placed on a 
laser beam machine (not shown) as per the first embodiment, 
with the sapphire substrate 401, on which no nitride 
semiconductor is laminated, at the top. In the fourth 
embodiment, the laser beam of the laser beam machine is 
radiated from the side of the sapphire substrate 401 not 
formed with the nitride semiconductor 405 of the 
semiconductor wafer (400) , the laser optical system (not 



shown) being adjusted so that the focal point is close to 
the surface of the surface side of the sapphire substrate 
(substrate is pre-exposed) laminated with the nitride 
semiconductor 405. First scribe lines 403 with a depth of 
5 approximately 4 ,,m are formed vertically and horizontally 

(Fig. 4 (B) ) in the sapphire substrate 401 by means of laser 
scanning. 

[0060] Next^ by scanning a laser beam after re-adjusting 
the laser optical system, groove section 409 that extend 

10 from the side of the sapphire substrate 401 but do not reach 

the surface of the nitride semiconductor 405 are formed in 
the nitride semiconductor wafer along the first scribe 
lines 403. By means of laser scanning after re-adjusting 
the laser optical system, second scribe lines with a depth 

15 of approximately 3 ,,m are formed in the bottom surface of 

the grooves (Fig. 4(C)). 

[0061] The nitride semiconductor wafer is separated by 
allowing a load provided by a roller (not shown) to act 
along the scribe lines, whereby nitride semiconductor 

20 elements 410 are formed (Fig. 4(D)). 

[0062] When the LED chips, which are the separated nitride 
semiconductor elements, are supplied with electrical power, 
all the LED chips are capable of emitting light, and a chec]c 
of the edges thereof reveals barely any chipping or craclcs . 

25 The yield was 98% or more. 

[0063] Because the formation of the scribe lines is 
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performed by means of a laser beam, costs arising from 
variations in the processing accuracy owing to wear and 
deterioration of the cutter of the diamond scriber and from 
exchanging the blade edge can be reduced. Further, results 
similar to those achieved by processing from both sides of 
the semiconductor wafer are obtained by processing from 
only side of the nitride semiconductor wafer. 
Semiconductor elements of uniform shape can be fabricated, 
and the fabrication yield can be raised and shape 
variations reduced, and, to the same extent, substitution 
can be reduced and the number of semiconductor chips 
yielded from the nitride semiconductor wafer can be raised. 
[0064] (Fifth Embodiment) Except for the use of an excimer 
laser instead of the YAG laser radiation of the first 
embodiment, the semiconductor wafer is separated to form 
LED chips as per the first embodiment. When the 
semiconductor wafer is separated as per the first 
embodiment, division is possible without turning over the 
semiconductor wafer. Further, all the cut edges of the LED 
chips thus formed are capable of light emission and have 
clean surfaces free of chipping and cracks . 
[0065] (Comparative Example 1) Other than scribing being 
repeated three times by means of a diamond scriber rather 
than by laser processing, the semiconductor wafer is 
separated as per the first embodiment. The separated 
nitride semiconductor elements of Comparative Example 1 



exhibited partial cracking. Further, the yield was 
approximately 84% or less due to splitting. Further, labor 
such as turning over the semiconductor wafer was necessary 
for the formation of scribe lines and grooves by means of 
5 a dicer in the two sides of the semiconductor wafer, and, 

hence, productivity was very poor and the production time 
was approximately 1.5 times longer. 
[0066] 

[Effects of the Invention] 

10 According to the method of fabricating a nitride 

semiconductor element of the present invention, the energy 
can be concentrated in the neighborhood of the desired 
focal point by focusing the laser beam radiated by the laser 
source by means of a lens optical system or similar. The 

15 work processing is executed at the focal point at which the 

energy concentration is extremely high. More particularly, 
the focal point of a laser that has been transmitted by a 
nitride semiconductor wafer is utilized. A laser beam, 
which is adjusted by means of the optical system, is 

20 radiated onto a nitride semiconductor wafer, which is a 

part not requiring division, and processing can be freely 
performed on the laser radiation surface of the nitride 
semiconductor wafer as far as the surface on the opposite 
side of the semiconductor wafer without damaging the 

25 required nitride semiconductor layer. 

[0067] Therefore, because the present invention uses 
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processing at the desired focal point following 
transmission [of the laser beam] by the nitride 
semiconductor wafer, the nitride semiconductor wafer need 
not be processed from both sides, and it is possible to 
5 obtain the same results as those achieved by processing 

from the surface and rear surface of the nitride 
semiconductor wafer by means of processing from only one 
side. It is therefore possible to further increase the 
yield and provide nitride semiconductor elements with 
10 small variations in shape and a fabrication method with 

favorable mass-producibility for the nitride 
semiconductor elements . 
[0068] 

[Brief Description of the drawings] 
15 [Fig. 1] Fig. 1 is a schematic partial cross-sectional view 

of the semiconductor-wafer division method according to 
the first embodiment of the present invention. 

[0069] 

[Fig. 2] Fig. 2 is a schematic partial cross-sectional view 
20 of the semiconductor-wafer division method according to 

the second embodiment of the present invention. 
[0070] 

[Fig. 3] Fig. 3 is a schematic partial cross-sectional view 
of the semiconductor-wafer division method according to 
25 the third embodiment of the present invention. 

[0071] 
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[Fig. 4] Fig. 4 is a schematic partial cross-sectional view 
of the semiconductor-wafer division method according to 
the fourth embodiment of the present invention. 

[0072] 

5 [Fig. 5] Fig. 5 is a schematic partial cross-sectional view 

of a nitride semiconductor-wafer cutting method, which is 
shown for the purpose of a comparison with the present 
invention . 
[0073] 

10 [Explanation of the reference symbols] 

100, 200, 300, 400: semiconductor wafer 

101, 201, 301, 401: substrate 

102, 302: nitride semiconductor layer 

103, 403: scribe lines formed in the substrate surface 
15 104, 204: groove sections formed in the sapphire substrate 

from the surface of the semiconductor layer 

205, 405: island-shaped nitride semiconductor layers 

206: scribe lines for the affected layer formed within the 

substrate 

20 207, 307, 407: scribe lines formed in the bottom surface 

of the groove sections 

308: scribe lines formed at the boundary between the 
semiconductor layer and substrate 

309, 409: groove sections formed in the sapphire substrate 
25 110, 210, 310, 410: nitride semiconductor element 

111, 211, 311, 411: first main surface 
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121, 221, 321, 421: second main surface 
220, 420: electrode 
500 : semiconductor wafer 
501: substrate 
5 502 : nitride semiconductor layer 

507 : scribe lines formed in the bottom surface of the groove 
509: groove sections formed in the sapphire substrate 
510: nitride semiconductor element 
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Translator's Notes 



1. •7>r-i7P ■ <7Uv<7 in line 3 of [0030] should probably 
5 read and has been rendered as such. 

2. P^>^ i^X^UV^i^f^^A in line 5 of [0037] should 
probably read V-i? P^>^ X^^U^^-^f A and has been 
rendered as such. 

0 

3. ■ > 1 O 4 in the fourth line of [0042] 
should probably read 1^103. 
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^<-<r>:^ y ^ —Ji9t^i E(Dm^. 9^iti)>^< f£ 9 ADX 

20 • ^^^m^^-^^tyo^ff^mm^is-zxy^^^^ 

ff^fig $ -frS tt^ (7) iJ/"^ -V^ V K<7>?]^fe r: i: Clog b 

25 V^^RgSSr^-rS, 

[0011] J; t)/h$V^a-fti^^«#:m^S:jE5tlra^ 

30 [0 0 12] #tc. ^'fti|^i|iJg<*<0^fBt4S:iif*t--5r 
i: Tie < ■?^y>-$riE5t{z^ s/:7'4^}::^fit-r-5 r <!: 

35 -frbtVSo 

[0 0 13] bfc755o-C, 

S, 

[0014] 

(^^Srfi?^-r5y5:i6W#^] »«(101)± 

45 {^S-ft^t^^S^^: (102) ^ ixfc^^^ -J- (100) 

^w\Lm^mw-m=i- (no) iw^tij-r 5 ■^\mi^'mw-m=f- 

(iio)c«Sgig:^rjfeT'fcs„ ^W($:!i/^y'^-(ioo)»4 
lg 1 -RtKII 2 <??±E=Sr^ 1 <r>^m (1 11) ffiimo^/X 
2*0^35 (121) l^— Sr¥2^f*:'>^xN— (10 

50 0)^^bTfig|tL'>^:c< i:'b»«(101)<^^2<O^S(l2 
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[0 0 15] :^mm<Dm^m2izmm^tifzmm^m 

<o^m (121) ^>^^mi^^^^^— (100) ^iff \^xm i (D±m 

(in) tMi^-r^mmmitimmx^^o 

[0 0 16] :^mm<Dm^msiztm^ntzm[:^^m 

mmmi^m^^ntiwu (io3) x»> 
[0 0 17] :^^m(Dm*m4\zmm^tif^m^m^m 

mp^mzm^i^titiMJL^mm (206) r-fo^o 
[0018] *^p^<^is*js 5 \zmm^tifcmim^m 

^ ^/N— (100) (7:)|| 1 (D^ffi (1 1 1) fmuvxii ^ 2 
<^iffi(i2i)«^>5^-f ir^^^K^iJ^^-f . 

oTJ^^^^j'^-ry • ^-r><irB&¥tT<^^»si5(io4)^?F^^-r 

[0019] *5IPJ(7)sf 6 tc:lE«c0^^1^4^^^fls:^ 

S«(ioi)-h(7)-:;^jr(D;^^^t:il^i4^2§ 
ft: ( 1 02) /65?F^^ $ ^ - (1 00) ^ bl^ 

(1 10) ^ ^^l::4^*2gi$:^T-(7)aS3t:&ffi-e 

fcoT. ^l^^U*m2(D^ffiSr*i-5^5gt$:r>^yx^(l 

00) co^>ft:4^^?^^ (102) ^ tlfc^ 1 (7)^® (1 1 1) 
flijT^^ ?3 u-if " Srfigtt LT^ 2 <;o^gp (121) jAiJ{^ ^ ^ ^ 

>^ • ^-f v(i03)S:ffM-r^xS<t. ^i(7:)^ffi(iii) 
>^ ^"7^^ ' "7^1^ (103) BS>p^TT-fe 19 S« (10 

1) ^ffiirit-r5«g(5(l04)^ff^^i-^Xg^. :^^=7^ 
:/ • 7-rXl03){C»oT^2Sft'?^^N— (100) Sr5)^i|■r 
^X^<^^^i-5o 

[0 0 2 0] *^PJCQ|f 7 }:iiS«c(^^'ft:^^2Sft:^ 
^(7)li3t:^ffiJ::*D^V^T(^. ?ga5(204);6>^ l(D3feS(211) 

[00 2 1] *^!«C»iS5}t3S8 {CfS«t(0^>ft:iKi^*f*:^ 
ft: (302) $ ^Lfc^^ft ^y^^ (300) ^^t^^m^ 

ft^^(3io) ^,zmiir^m^m^mi^m^(Dm^:fji^x 

fcoT. ^lSl>*^2(0*ffi^*i-^i4^ig<2^i>:ii/N'-(3 

00) (omm^mi^ (302) ;65?f^^$ n/c^ 1 (^^s (311) 
tM\^^^m2(D^miz2i)im^h i^-^—^mmi^x 
^«(3oi)(7)^i (^)±ffi(3ii)fiytc>^>^^-r y . :^(3 
08) sr?i0j5S;-rsxg^ . ^ 2 (D^m (32i)im^hmm^^ 

2gft:(302)lr3gL?:^V>ft^P(309)^^^^>f y . ^^>-(3 
08),irBSq^t;i?F^^i-5XSi:. ^-T >^ • ^-f X30 



8) {Cfp^oT^^Sft (300) ^r^Bti-'SXS^b ^SrW 

^t:4^^^ft^^^Mit-r5^'&^riBV^T^^ft:•>IIl^^^ 

i^^mi^m'T-^m^-r^ r ^ ;5ST-# ^-t Sr^l ^fc 

[00 2 2] m^. ^mM<Djjm\zx ^ mm^^^i$^m 
X i--i)'-mMmm)ixs^(DiiM(D.^j::]fm'r^ - t ^*^x 
15 t^iADx-r^^i^^o^T-^So UT. :^^m(Dm^:^mz:-D 

[0 0 2 3] ^^ft:^7:3i/N^^bT. LD (laser diod 

e) tfj:^mm(Dm^m^mi^mi:^}^^^-yi-&m±izj^ 

20 ^-x:7r— nMG a NCO=i nMAlGa 
N(Di^^-y h^m. nMG a N(D3t:?J/-f K^. S i ^ K— 

nGaN<7)?gttS> p MA 1 G a NcT^af- 

G aNCD^t:^^ Vm. pMA \ G aN(0^ 9iy Y^MRU^ 

ft: r>aixN— (O;^ t:"^^/i-S;K#J7)^ b C O^u—^—^m^ 
Vxm^t^^mi^m t t:^^^/u^;Kc7)#® {cAox^^WS 
^^^^'y^y ' ^^^t'Uxmi&^'^tL, 

30 ff^^^iir^o — ^-J- J:t9ft^^fa^oT*DiEi-6:l<b-e 
i^m^m^nhi^^^mm\zm^f^^t\.x\.^^^ j^t. * 

[0 0 2 4] (m\im^m»^:=^^^-l 0 2 0 0. 
35 3 0 0. 4 0 0) 0 0. 2 0 

0, 300, 400<k UT(i. ^45 10 1 X(C^^I::4^^ 

»ft:i 0 2ftm^^ntLh<oxh^o mtf^^^i^i o 

<m^xm\^^t:.^^mmf)*^m\z^m\zm<:Lttfji^o 
45 ff^^^-ttsr <t t-e^5o 

[0 0 2 5] ^jt:*^?»ft (I HxG a ,A 1 ,,x-vN. 
O^X. O^Y. X + Y^l) J:±MOC VDiS'^HVP 

50 <!:t-J:»9*#ft^^i^<i:bT?iJffli-5r.<h;^5T'#-5o 
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^^mW- 1 1 -1 6 3 4 0 3 



[00 2 6] mim^mm'±^<i^ \'^^^^yy^>^m&o:K 

:*:^Smj^^<!fco^**^. M*fl&tt^«Fo K ^>'v^;:^>5^- 
m&'^m:^\^x^n^m^'^^z t^^^x^ ^^^^ if- 
>^ K><^ ^-r^'^-^^-r i^—fwjt-ir ^PbI;^^!^'/^^^ - t 

[00 2 8] ^^l::i^*^^^5^S^nfcih:7r>f rs« 

O 0 Mm)^T/$5*F^LV\ 1 O O iifmJ[^Tfc<b^^>t:^>' 
^ :y ^ ^^;65/>/^ < itK6^S^{c^^-r ^ - ^ 

mwm^^^y'^>'i^^^j:^\^^\)^i^^^'r^:ithX^ 

^y=^iy^^^^m\^^^z.}iii^X^^o 
[00 2 9] ^%^-<^- ^^^(Omd^^'^^^^^^- 
tir^m^. ^^XM'^ 3 0 O fimf)^^ 5 O 0 fim(Dj^ 

^r^h ^ . p nm^^i^-D^^t^^^^W'mxmfj-m/)^h 

i^tAyt^^m^(om^X^ib(^iv^^tt^j:^. \y—^ 

- J: >5iP X ^n^^ ^-^-r < i- ^ fc i6 ^ 

t:Lm^±\zmm^^i^^m^^'^^ r t hxt So 

[00 3 0] /^ib\ u-if-/6\9Stt$nfc^>fb:1^^?gf*: 

IMl^B 10 3, 4 O 3 Mimtae^^c^ -^-f n . n 
<^*-&Xfe5JDX'X-^S2 0 6, 3 O 8{Zfj:^t^^h 

^ti^^mi^^^^^-(Dmmm^mmtvx. mmm<o 



^1^/)^h^(Dm 1 (^±ffi*V^J±^2C0±Etwf^(tT(Ofi 

Rv^xx\t.m2(D^mm(Dy^—^-mT.\-mx.x^mi^ 

05 "i^ ii^.'N— (7)^,^i5co Sr if — iJDX $ itT t> J§: V \ 
[00 3 1] ( u~if-jlpx^) *^igtrffit^bns u 

fg/^ft. ^PX^S^W^/^ir^^s^^^^tg/^toxfonjfJ: 
[0 0 3 2] U--1f--ADX^^tv:J:oTBS|t$n'5 if 

mw^'^^^t7^)*^x^^o vtiT^^ox. m—:^i^/)^h(o 

f^^-^^^t^'^X^^o ^fc. if— COBSttffili. 
[0 0 3 3] i/-if— Adx«{z:J:S;^^^^'7' . ^^^^ 

fis&t^ns if— cd;^^ ^ * ifx^s UTff^^ 

:^y^-i^^±T. 9 O^S^/^if^^igtlJ^i^S 

25 x^5o £jiT. >^mm<ommm\^-:>^^xm^'t^f)mm 
m<Dm:^m'^^^^h(oxtji\i^z. t\±'m b^x^tji\^\ 

[0 0 3 4] 

[^tfe^ll] (^JS^Jl) 0 0 nxnX^K>^W^n 

ti'^^r^T^mSLt LTMOC VDft^*iJfflUT^>fl:: 

r <ir;5^^fig/^J: 9^S^<ir LT^^^it/Co ^T. 5 1 
OX:^w*DV^TJ[g^;^X<^r bXNHa (T>'^^T) 

TMG ( h !; 7«^yi^:^y -^j^s) :^ :^J^X^^ ^ ^) T ^ 
35 ^T-foS7K^;^/;^^Sft-r:i^t;iJ: !9l?$*^2 o 0:^>^^^ 

[0 0 3 5] mzL^ TMG:^:^(Dm.7<^±isbrz.m. S/S 
^g<^?^*^l O 5 0"Ct^^{fSl>*NH3 (T>^^ 
T) TMG;^/;^, K— h:;^/;^ <ir bT S i H4 

[0 0 3 6] ettSli. —K. ^-yV TMy^(D^t ^i^ 
45 NH3 (TV^::^r) TMG;^;^. TM I (hi) 

^i.-r:Lt{ZX^m^^^3 nmCOr:/ K— ^ I n G a 
[0 0 3 7] gtt®X(C^^:y KS ^?fM $i^5 fc^I^ 

50 n^y^<o^7<^»± \.^ftmm<Du^^ 1 o 5 oT:icis 
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1 1 -1 6 3 4 0 3 



I^Vtcm. WM^^t l.XNH^ (T:^^=:^T) ^y^. 
TMA ( h y ;^^>^T/^:^::^'?A) TMG;^/^. 

»ftLpM^^^> Vmtl^Xm^^O. 1 /zmCQGa A 1 

[00 3 8] MW^. Rft^mmcon^^ 105 o°cizm 

W\^W.n:^:^tl.XNH^ (TV^:=^T) TMG 

^^^0. 5 /im(7)G a N^^?F^^$itfc ([1] 1 
(A) ) o (^cfj^. pM^<L4^¥#i*:eji4 0 OX:W-h 

mt^^MVf 1 0 2 7!)5_htr/^^ J: 9 {:i±T • 

if-7fe«» (i^«3 5 6nm) 5:1^:7 r-f 1 0 1 ± 

^yr^rmmi o icDs&jsffijr^gtfn^ j:9{wu-if 

— co^^^SrPSbfCo IBSLfcU— 6 J/c 

i^:7r-f TS® 1 O 1 4 m<^>^^ ^-T 

• ^-^^i o 3^«^«tc:ff^^-r6o ?F^j5)<:^nyc;^>J^^ 

• ^^>-l O 3[±. ^>ft:^^^#:'^:3iyN^ 1 0 0(0 

mi (B) ) o 

[00391 !f-APX^<7) 1f-HBMg|5(7) 

0\z.mtm^m^W'l O 2(^Jiffi;5^?5i^>^r-f rS^Sl O 

1 \zm-t^mu 10 4 ^ff^^i-^o i^-Y j: «9 ?f^^ 

^ ^-r >^ • ^-r V-l O 3 ^Jr^zgf^r-^aiyN^ 1 o O^^b 

T^trff^^§tt-c*5f9. ma5i 0 4iS®^1^:7r-f r 

s« 10 1 mcom^m t (owm^)^. i o o m mT-(5«^i?i;— 

(Igll (C) ) o 
[0040] ;^^^^y-^-r>'10 3(rfc^oT. 

1 OSrff^^i-^r <t;^>T^^ (01 (D) ) o 

[004 1] 1 x\i^i^—^-tmM^tL^mtm 

mx\^t^<mtm^m^wi o 2st>^i^:7r-f r^isi o 
1 ^mm\.tL^m^Vf^:^y^-\ 0 0(oMfiy(ir?:^-5-y-:7 

r^rmSLl 0 iJgffi-Cft^^ix/cu— if-{;iJ:«9;^>:^ 
^-r:;^ • ^^^-l 0 3 755?F^^$ti^o 
[0 0 4 2] i^a»i$:r>ai/N^i 0 O C7:»^>ft:^^^<$: 1 0 



T/<^ .if <0*« 10 1 t;ii*-r'5«gB 1 0 4 SrS^^-r-S t 

-C^'fb^fel^i^i*:^^ 1 1 OS:5>*iJ-r-5C<!r;05T#-5o 
[0 0 4 3] y^^=7^-f ^ ^-f VI 0 3c7)?f^^S: 

^110 r ^ if^'^^bf^ D . Siig^®^ »9 ^ 

i:?i^o ^bic. >^i5^^>r >^ • ^-f VI 1 o^-y->^T^ 

15 TS^Ki 0 lffi'J(7)^®TJf^^$it-5fci6{c:u--if— (r J: 

^wjl < -r;65M'ft4^^ig^ 1 0 2 ±jc#«-r ^ c <^ < 

[0 0 4 4] (^JSM2) *JS«?tJl ^I^I«tcUT?i^^$ 

(r, R I E (Reactive Ion Etchin 

20 g) \z^-:>xmcm^^wmM\m^hmtm0.^^^^ 
^^(o^^^mcm^^v^m 205 tw^^^Mz^^m^^^ 

25 fo^o ^fc. p n#^^flc^(C(:i. mM2 20t^:^^<v 
y >'^'^!fei3:i:^9?F^^$;^^TV^-6 (^2 (A) ) « 
[0 0 4 5] rc7)^2gf$:r>aiyN-2 O 0^^:te^Jl <!rf^ 

30 ^^-<^0^jL4^^?^{^2 O SftiJ/^^bBSttb. ^.'^.;^^i^>^r 
'i'rK;K2 0 1 <DmMt^h2 0 /im<7)'y-:7r-rrS;Krt 

— 'y^^m^^^ r ^ J: «:) -y-:7 r-f T^;Kcoigm^35 

35 c7>^*s»^gi5tcApxs^e^2 0 6<^7:^5;^^ v-ry • 

VSrff^^-ra (1^2 (B) ) o 

[004 6] (>F^EI) ^PSL 

«2 0 1<7P_hffi (g>ft:^¥^<*:c;o?F^^ffiffJ) jc^Jin^ 

4^#^^<*^fflco_bffi;6^ ^ 1^ >^ r r XS{cigi--5m^l5 ^ 
m^-r^o ff^^$tlfcft^|5 2 O 4 fi. M-JL^KM 2 0 6 

t-y-7r^TS«2 0 1 ^/^bTl^&^^Tic?F^Afe$-frTfe 

«2 O liiCOftSl52 0 4 1^. ftSl5cDi£®<lr-y-:7r-f 
;K<?5igffi^6r)PBlPg^^ ^lOO^mT. iw/^^ 

iSL. :».^,75^-y-y'r-rTS^2 0 1 lc:^itbti.fc«g[5jE 
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1 
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[0 0 4 7] ggv>T. mU {:^^y-<^ ' =7^1^") icfS 

LED^:y:/2 1 O^^^l^itfc (HI 2 (D) ) o 
[0 0 4 81 r 9 bT?f^^$txfcLED5^:y^{cm;^^ 
L/C <i: C V -rtl t ^Tt^Sg-Cfc ^ h *tw^^iSS 

[0 0 4 9] ^ia0^j2T-(i:^*i^!>:n/N^(7);tffifty;O^b 

[0 0 5 0] i^—if—{zXoxmu. ^^^'^^y' ' 9^ 

[00 5 1 ] ^btc, ^M^mmt^h<Dmu^iy\^—^ 

^^y:f(Ol^^m^^ hlz.m^^'^^Z t^*^^mt^J:^o 

[00 5 2] mmm 3 ) mmm 1 1 mm^^ vxm^^ 

it/c^2g«Cr^:nyN^3 O Ot::. ^i^^l^ :7 T TS« 3 0 
1 ^8 0 Mm^-eWaLT^ffitt±tf $tt-CV^5o 

(A) ) o 

[0 0 5 3] ^^£^?!I3tC46V^T^iU-1f-ADX1S 



EI) 7!>^?:)COU— ^S-fb^^^^flsrr^J^/N— 3 O OCQ^ 
^fb^fe^^tt: 3 0 2 mm^^X\. V ^1^7 r-r TS« 3 

mi^S 0 2 ^1^>^r^T*;|S3 0 lo#ffifc|gfm^ J: 

i^-^-^m^-r^ :Lt\zx^ m^m^mi^ 3 0 
2Ri^m,^tm^mi^tm\.fz'^yT^rmWL3o i^ffi 
ffl{#{;i*DX'^«® 3 o ST-fe^^^^^^-ry • '7^:y^m 
m\zmi(o:^^94y ' y4 i^tVX^^fS.'T^ (12 3 
10 (B) ) o 

[0 0 5 4] ^ir. tF-ADXl«CO i^'-fiBtt^f5<7) 

te^3 0, 0 0 O r pm, ^»f3SS3mm/s e c-e^ 

15 itm^MW^r^mm $ ixT V ^/^ I ^1^ :7 r r S;Kj[&MiJ;0- 

0 st^Wij\z.wtnhfimU3 0 9<Dm^t'^yr>(T 
m^B.mt(ommt*^. 5 O/zmT-fat^i^— {^t^^^J: ^J:: 
20 m^^^^o ^hK. y^i/^^^V-Sru— tf-ADX^ 

ftas 3 0 9 <^j£ffi{;i^;b-fr5o i^— 1^*— figMt-J; !9 . 

r-f TS;K 3 0 1 Km^^nfz.mU 3 0 9 (DjgffiJ^?^ 
$^^3 iiin(DB2(Dy^^ "y-^y" • ^-f V3 O 7 Srfl^^^-f' 
25 ^ (0 3 (C) ) o 

[0 0 5 5] m2(Dy^^ "y-fzf ' 94>3 0 7 {C?&o 

i^/c (EI3 (D) ) o :i^\^xwm^nt:im^tfm^mi^ 

[0 0 5 6] mmm3\:LUmo:>:^m\^. -^yr^rtj:^ 
S«3 o i*ffi{lO;0^?>^'ft:1^^^fls:3 o 2 {riSb/^v^?« 

3 0 9 Sr^ijjtff^^^^ :i ^ T\ J: t) f^^iSc^ 

35 nfc^^:^^^:/- y-{ >'\zr^^xm^^zf}^-olEmi::mt 

^^mi^m'¥-3 10 ^'Am-r^::it^>-^m tfj:^o l/c 

40 lll.Rr/^2(D;^>^^>i' >^ . vco?^^SrJ^j5E-r5w 
thX^^o ^iRXfm2(Dy^i^v^^ ' y^ >'mfi^^Bi 

[0057] y^^'y^^ ' y-(:y<Dm^^i^—']f—xrf 
otiih^ ^^^^i^¥y>^y-<^<-'(Dtty^—m^^ ^ 

b tt (OJ!jOXT'^?»{*: C> POqtJ. ?>jbDX Lfc<^) 

50 SJiti-^C<t^^^tg<h^.e»9. Siit*S^t)SriiSi6ffm<7) 
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[0 0 5 8] mmm^) mmmi tmm\^\^xm^^ 

tC, R I E (Reactive Ion Etchin 

g) J: o T mt^^m^Pf^mmt^ hmmm ^ tt ^ i^ 

^T-Wmbr^Stt-htf ^-^5 (^4 (A) ) o 
[0 0 5 91 ^2g#:'i7^yN-4 O O ^m\L^^mm^^ 

(4 0 0) <Dm\L^^m^Vf4o smi^f^ 

^ttTv^/^v^i^>^r>rTS^g4 o iffi1M;?^:^?>SBMb. *S 
^::J:t)1^>^r'^rS«4 o i \z.m^m4 iim<Dmi(o>^ 

(B) ) o 

[0 0 6 01^1::. if-^^^^Sl/PMLTU- 
S«4 0 l{IW^fe^>fl:^^2»^4 0 5ffi{:ijgb?t^l/^fft?|5 

4 0 9 "7^^ '9^1^4 0 3{zr^^xm^ 
^-Yv^^f^^-r^ m4 (c) ) . 

[006 1] • ^-f >^lc:^oT. ^ — 

B6L^^t:^^*«s:^-^4 1 o^m^^-^^ m4 

(D) ) o 

[0 0 6 2] ^Am^nr^m^m^mi^m'T'X^^LED 

/Co 

(00631 ^ =7^ V(^?g^Sr U-1f-T-ff 

'r^=i:^hi:i&mir^^t:^^X^ ^fc. mm^m 
ffi;6^bAPXb/c(59i:[^i|c7:>?^m:S:#?>n. ?f$4^<?:>ffi5ofc 



5: r&I ± ^ it ^ <h /J^pllig 2r ?i § o 

[0 0 6 4] mmm^) m^mKDY agv'—^—<d 
mi tmm\^\^x^mvf'>^^^—^6i^m\.xi.'ET>^<y 

[00 6 5] (Jt:®M 1 ) U-iF-J!jnX(7)f-^;b !9 
fcW^{i*iffe0iJ 1 ^ Isiatc bT**#:^^^^N-$-^BS$ 

20 <*^i. 5{g<^NrrB^/$5m^oyho 

[0 0 6 6] 

^r-PSbyhu-if-^figitb. ^s^W:f^m\Lm^MW-m 

[006 71 bfc;OSoT. ^^PJUM^t^^^^^c^^^i^N 

— SrSil b/cmM(0^,>^.T-(7:»ADX^fiJffii-^ r <t 
35 t). ^>fl^4^^*«s:'i7::^>'>^— ^r^ffi#J;5^e>iJPXi-^i^i.^;55 
^.^ < . >^ftW^bO^<D*DXT*S^t:*^^^<^ ^^^n^N— 

bfc;65 or J: ^f^-h$ it. E.o?f^)t^tc^^^ 

40 :^feSr^-r^r <^;55r#5o 
[0 0 6 8] 

45 [00 6 9] 

[1212] m2\±':^^'^Pi(0%W^\\2\^-^n^^^W^^:x./^ 

-(o'j^m^^^^^\^fzm^^W:^m^mx^^^ 

[0 0 7 0] 

[[213 1 l2l3{i*^0J(D^JEfi?ij3t:i:Jott5^2S<$:'>^^^ 
50 -605>8S:*?£S::^bycm^6^lFI55>^ffilllrfe-6o 
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[00 7 1] 

[134] m4\±:^^m(omMm4\zifo\f^^mi^'>^^^ 

[0 0 7 2 J 

[EI 5] m5^'^:^mmtitm(DtiMC7j<'rmim^m^i^ 

[0 0 7 3] 

100, 200. 300, 400 - • • ^^gfls: r> ji^n— 

101. 201. 301, 401- 

1 0 2, 3 0 2- • • ^it^^^^^i^m 

1 0 3, 4 0 3- • ' mmmm^^M^^nti^i^^^y 

1 04, 2 04- • ' ^mi^mmx^D-yr^Tmm^ 

2 0 5 , 4 0 5 • • • ^i^^ib^^^^^*:^ 

2 0 6 • • 'm^^m^mf&\^tz.i}un:mwm\^x^:^^ 
imi] 




207, 307, 407 - • ' mUBWilzm^Vfc:^^ 

3 0 8 • • • *»^$:M^:S^g(^)^|^.^w?i^JS;bfc>^^^-f 
3 0 9, 4 0 9- • ''^'7T^TWSL\m^\.fz.mU 

110, 210, 310, 410 - S^k^^^ft:^ 
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